A considerable amount of work has been reported in the literature on the effect of x-rays on antibody formation and immunity. With the exception of the reports from our laboratory,5"' the depressing effect of cobalt-60 gamma radiation upon immunity and antibody formation has not been reported. It would seem logical that x-rays and gamma rays should have a similar physiological effect. However, there is a greater difference between the wave length of the radioactive cobalt gamma ray and x-ray than there is between the antirachitic ultraviolet band and the ineffective band in the ultraviolet region. For this reason, we have chosen cobalt-60 gamma rays for our study of the effect of whole body ionizing radiation on the immunity mechanism in general.
A preliminary experiment indicated that the immunity-depressing effect increased markedly up to the third post-irradiation day. We did not try infecting later than the third post-irradiation day. From the work of Schechmeister, Bond, and Swift,'0 and Miller,8 the immunity-depressing effect would be expected to increase up to about the thirteenth day after whole body irradiation.
The detrimental effect of cobalt-60 gamma irradiation on passive immunity to pneumococcus Type III is illustrated in Table 1 . The mice in Group I were irradiated and passively immunized forty-eight hours later by intra-abdominal injection of 0.3 ml. of antipneumococcus rabbit serum. This was six times the amount required to protect against this amount of culture. The mice in Group II were also passively immunized at the same time. Seventy-two hours' post-irradiation, the animals in Groups I, II, and III were given 0.1 ml. of a 10-3 dilution of an eight-hour broth culture of Type III pneumococcus intra-abdominally. The mice in Group IV were irradiated but not infected, serving as controls on this amount of radiation. It is obvious that the 650 Rep Although there are many re-, ports stating that ionizing irradiation markedly depresses the leukocyte count, it seemed worthwhile to make total leukocyte counts following the amount of gamma irradiation used in these experiments on this particular strain of mice. The they are shown in Figure 1 . results of this study were plotted, and It seemed to us that the most logical explanation for the effect of irradiation on immunity to pneumococcus infection was the resulting marked reduction in white cells, and that it was possible that the resistance of irradiated and passively immunized mice might be restored by whole blood transfusion from normal mice or by the injection of a suspension of leukocytes from normal animals. An attempt was made to decrease the cobalt-60 gamma irradiation effects by injecting mouse leukocytes and whole citrated mouse blood.
The blood used was from adult mice bled from the heart under ether anesthesia, using a tuberculin syringe containing the appropriate amount of sodium citrate. The blood was pooled and immediately injected into the experimental mice. The leukocyte preparation was obtained from young, adult mice. The donor mice were injected intra-abdominally with 4 ml. of sterile physiological saline solution. Four hours later these animals were sacrificed, the peritoneal fluid was removed aseptically, and a small amount of sodium citrate was added. This turbid fluid was rich in leukocytes. The suspension of cells was concentrated to one-fourth the original volume by centrifugation and immediately injected into the experimental animals. The results of this experiment are illustrated in Table 3 .
The animals were irradiated three days before the challenge infection and those in Groups I, II, III, IV, and VII were passively immunized twentyfour hours prior to the challenge infection. The animals in Group I received leukocytes and those in Group II received citrated whole blood intravenously just before the injection of the pneumococcus Type III broth culture.
The results we have obtained show that neither the white blood cells nor the whole blood transfusions were effective in restoring the resistance enjoyed by non-irradiated animals in Group IV and that these animals were no better off than those in Group III. Group VI irradiated controls indicated no deaths due to radiation only. Group VII served merely as controls on the possibility of a bacterial contamination in the white blood cell suspension, indicating that the deaths were not due to such an accident.
We do not believe that this experiment should be considered conclusive by any means and we believe that better methods for obtaining leukocytes may eventually enable us to restore the resistance of such irradiated animals.
Similar experiments have been performed on passive immunity to tetanus toxin. The antitoxin was produced by active immunization of mice with purogenated tetanus toxoid.* Five-tenths ml. of antitoxic mouse serum was injected intravenously just before 625 Rep. gamma whole body irradiation. Non-irradiated mice of the same age and weight were also passively protected. The amount of antitoxin given was six international units. One thousand M.L.D. of tetanus toxin was given subcutaneously in the left flank seventy-two hours after the antitoxin injection and irradiation treatment. No paralysis occurred in either group of animals, indicating that the passive immunity was not effectively depressed.
It was thought that a more accurate quantitative test could be done if the toxin and antitoxic mouse serum were mixed in vitro and injected into irradiated and non-irradiated mice. Neutral and 90%o neutral toxin were used to make the test as sensitive as possible. Although the mice used in this experiment were only five weeks of age, the necessity of observing them for only four days following the injection of toxin-antitoxin mixture permitted the amount of radiation used to be increased to 750 Rep. This is an LD50 for four-week-old mice. The results of this experiment may be observed by an examination of Table 4 .
In spite of the intense radiation treatment, it is obvious that it made only a slight difference in the degree of paralysis between the irradiated and the control animals, while a great difference occurred in the similar experiment on pneumococcus Type III.
Although we doubt that the slightly greater degree of paralysis seen in the irradiated mice is of significance, it is in keeping with the observation of Adler and Schechmeister' which indicates that irradiated mice are slightly more susceptible to Cl. septicum toxin.
Although this report is primarily on the effect of gamma radiation on passive immunity, it may be of interest to include an experiment on the The mice were actively immunized by two injections of 0.1 ml. of chorioallantoic fluid of chick embryos that had been infected with the virus fortyeight hours previously. The chicken red-cell hemagglutination titer was 1: 1600. The interval between the two immunizing injections was twelve days. The first immunizing injection was subcutaneous and the second was intra-abdominal. The challenge infection was given fifteen days after the last immunizing injection. The virus used for immunization was not mouseadapted. The challenge infection was by the same strain of Type A virus, which was adapted to mice. The challenge dose was an LD50 using titrated frozen virus. All mice were protected with an aqueous suspension of penicillin and dihydrostreptomycin mixture. Two thousand and 2,500 units, respectively, of each were injected subcutaneously just before the intranasal infection. These antibodies effectively prevent pneumonia in the irradiated mice from the nasal and oral flora which are washed into the lung by the intranasal inhalation. The influenza virus is not at all inhibited by the anti-biotics. It is clear from an inspection of Table 5 that even 700 Rep. cobalt-60 gamma radiation had no effect in depressing the active immunity. The two deaths which occurred in Group I were undoubtedly due to the radiation since the autopsies did not show the usual plum-colored pneumonic lesion produced by influenza virus and the lungs were non-infectious when given to other mice. It is also clear that the mortality in the non-immune irradiated mice in Group III was no greater than it was in the non-irradiated, non-immune mice in Group IV.
DeGara and Furth' have reported that x-ray treatment of mice does increase their susceptibility. Our use of antibiotics may be responsible for this difference in results. They used influenza Type B, while we used Type A. Beulter and Gezon,8 using a special method of infecting mice, found that with mouse-adapted virus there was no difference between irradiated and non-irradiated animals, but with chick-embryo-adapted virus there was a slight increased susceptibility.
The generally accepted view is that viruses are intracellular parasites and that propagation occurs only within cells. A coating of specific antibody on the surface of the virus particle may, and probably does, prevent the virus from making direct contact and entering the susceptible cell. Under these conditions, phagocytosis may not be necessary in antiviral immunity. This may explain why radiation is effective in destroying the immunity against the pneumococcus which can readily propagate outside the cells. This organism can propagate and kill experimental animals in the presence of abundant antibody if phagocytic cells are not present. This was shown by Pickrell' for immune animals intoxicated with alcohol and ether.
Generalization in biology is always hazardous. It would not be logical to assume that because the immunity to influenza virus cannot be broken by whole body gamma irradiation, that it would have no effect on natural species resistance to other virus disease. There is little, if any, evidence that natural species resistance to viral infection is related to the presence of specific antibody. It is entirely possible that the physiological alteration of certain body cells by irradiation may well result in decreased natural resistance to some virus diseases, as has been demonstrated for Coxsackie virus in adult mice by Syverton.? Amoss, Taylor, and Witherbee' were able to increase the susceptibility of the monkey to poliomyelitis virus by large doses of x-rays, but they were unable to break the active immunity due to a previous infection.
So far as we are aware, there is no evidence that phagocytosis by leukocytes is necessary to prevent intoxication by neutralized tetanus toxin. Therefore, if whole body irradiation lowers resistance primarily because of the dramatic decrease in the leukocytic cells, one would not expect it to be effective in destroying active or passive immunity to tetanus toxin. We believe that these experiments indicate that this is the case for tetanus and for some viruses. CONCLUSIONS 1. Cobalt-60 gamma whole body irradiation effectively destroys the immunity to pneumococcus infection even when abundant specific antibody is present.
2. Whole body irradiation does not cause an individual, having sufficient specific antitoxin present at the time of irradiation, to become susceptible to tetanus toxin.
3. The active immunity to influenza Type A virus is not altered by this form of irradiation.
